With the ongoing debate over health
benefit analysis, is often an aspect of CER studies, yet there are no recommendations or guidelines for providing clinical investigators with the necessary skills to collect, analyze, and interpret economic data from clinical trials or observational studies. With an emphasis on multidisciplinary research, the Clinical and Translational Science Award (CTSA) consortium and institutional CTSA sites serve as an important resource for training researchers to engage in CER. In this article, the authors discuss the potential role of CTSA sites in integrating economic evaluation methods into their comparative effectiveness education goals, using the Columbia University Medical Center CTSA as an example. By allowing current and future generations of clinical investigators to become fully engaged not only in CER but also in the economic evaluations that result from such analyses, CTSA sites can help develop the necessary foundation for advancing research to guide clinical decision making and efficient use of limited resources.
Thegrowingnumberofmedicaland
surgical advances in recent years has created challenges for physicians as they attempt to select the best strategy to prevent or treat a patient's health condition. In many cases, they must make choices between two or more clinical strategies with different profiles of safety, efficacy, and cost, without the benefit of comparative research studies. To address this growing concern, the American Recovery and Reinvestment Act of 2009 allocated $1.1 billion in federal funding for comparative effectiveness research (CER). 1 Simply stated, CER-which is also known as patient-centered outcomes researchaims to compare two or more interventions or strategies used to prevent, diagnose, or treat a medical condition. 2 Federal funding of CER is undoubtedly a significant step toward more evidence-based practice and betterinformed allocation of constrained health care resources; however, it has also led to heated debate on how, or whether, such research may contribute to controlling national health care expenditures.
Over the past three decades, according to the Centers for Medicare and Medicaid Services (CMS), health care spending has grown at an average annual rate that is 2.5% faster than the rate of overall U.S. economic growth as measured by the nominal gross domestic product (GDP). 3 Annual spending on health care reached $2 trillion in 2005, and CMS estimates it will rise to $4 trillion-20% of the GDP-by 2015. Yet there is significant evidence that opportunities exist in both the public and private sectors to curb rising health care costs without adverse health consequences. For example, Medicare's cost per beneficiary varies significantly across geographic regions. However, this variation cannot be explained by differences in population demographics, and, in general, highercost regions have not demonstrated higher quality or improved access to health care. 4 Studies have estimated that less than $1 out of every $1,000 spent on health care, or less than 1.5% of spending on medical research, is used to determine which treatments provide better outcomes. 5 A large percentage of current research spending is devoted to enabling new treatments to obtain regulatory approval. These studies often compare a novel medication or device with a placebo rather than with the next-best alternative treatment. Yet, to guide clinical decision making, it would be more relevant to compare new treatments with existing clinical strategies that are the current standard of care. For example, atrial fibrillation, the most common sustained arrhythmia encountered in clinical practice, may be treated using surgery, catheter ablation, or pharmacologic therapy, but there is a lack of prospective studies comparing the relative effectiveness of these various treatment strategies. 6 It is not surprising, therefore, that atrial fibrillation is in the top quartile of the Institute of Medicine's "Initial National Priorities for Comparative Effectiveness Research." 7 CER is needed in other aspects of cardiovascular medicine as well. Among national cardiovascular practice guidelines, for example, research has demonstrated that only 314 (11.6%) of the 2,711 recommendations set forth by the American College of Cardiology and the American Heart Association were classified as backed by level A evidence (i.e., from multiple randomized trials or meta-analyses). 8 In contrast, 1,246 (46.0%) of the recommendations were based on level C evidence (i.e., expert opinion, case studies, or standards of care).
Although it is clear that comparative studies are necessary to improve medical decision making in all fields, the heightened national awareness of and federal funding for CER may lead one to conclude that the resources for advancing CER goals are already in place. However, a recent study analyzing all randomized trials, observational studies, and metaanalyses involving medications published in the six highest-impact-factor medical journals during June 2008 to September 2009 showed that there is significant room for improvement. 9 Of the 328 studies evaluating medications, only 104 (31.7%) involved CER. Among these CER studies, 45 (43.3%) compared the efficacy between medications, 20 (19.2%) focused on safety, and only 2 (1.9%) included an economic analysis. Moreover, just 14 (13.5%) of the CER studies had exclusively commercial funding compared with 101 (45.1%) of the non-CER studies (P Ͻ .001). These findings suggest not only that there is a need for continued growth of CER, particularly with regard to economic analysis, but also that federally funded investigators at academic health centers, rather than those funded by industry, are likely to be the major force driving this growth.
The Inseparable Disciplines of CER and Economic Evaluation
Economic evaluation, although not required in formal CER, is sometimes viewed as a natural outgrowth of CER studies because it provides the opportunity to compare the relative value of two or more interventions for a given medical condition. 10 Such consideration of costs, especially in the context of health insurance coverage decisions, is a subject of heated debate, however. Some scholars argue that existing economic evaluation methods-notably, costeffectiveness analysis and cost-benefit analysis-are not transparent enough and "not ready for prime time." 11 Some critics also note that the results of costeffectiveness studies may vary dramatically depending on the assumptions made or analytic perspective chosen (e.g., patient, government, or society). Their concerns are valid-significant variation has been identified in methodologies used in published cost-effectiveness analyses. 12 On a broader scale, some highlight the public's concern that economic evaluation will ultimately lead to health care rationing. 13 Despite these criticisms, the argument for economic evaluation begins with the basic premise that health care spending cannot continue on its current trajectory. More prudent decisions must be made about the provision of medical services that are highly costly but offer little or no additional benefit compared with less costly alternatives. Economic evaluation goes beyond comparing the efficacy of medical interventions to address their relative value by formally weighing the benefits, risks, and costs among different clinical options. These evaluations frequently can be conducted alongside clinical trials by recording resource cost end points in addition to clinical end points, or by constructing a decisionanalytic model to incorporate immediate resource needs, potential risks, expected downstream savings ("cost offsets") from avoided medical services, and gains in life expectancy or quality of life.
Cost-effectiveness and cost-benefit analyses have been integral to guiding clinical and public health resource allocation decisions in countries such as the United Kingdom, the Netherlands, and Australia. 14 In the United States, because economic evaluation is not a formal component of CER, there are currently no standardized thresholds from which to translate research findings into public policy. 15 As resources become increasingly limited, however, costeffectiveness analyses may begin to play a greater role in the evolving U.S. health care system. 16 There has been significant growth in the number of cost-effectiveness and costbenefit analyses published in the medical literature in recent years: Just 21 journals published cost analyses in 1994, whereas 147 journals did in 2006. 17 We searched MEDLINE in June 2010 using the terms cost-effectiveness analysis or cost-benefit analysis and found that more than 500 publications containing these terms in the title or abstract were published from January 1, 2009, through June 1, 2010. Yet, despite the growing prominence of economic evaluation in medical research, studies have demonstrated that there remains a lack of understanding and formal training among clinical investigators about how to design and apply economic methodology within randomized trials and observational studies, and how best to interpret and analyze economic data. 18 As noted above, academic health centers will play a major role in driving the growth of CER, and these institutions, through initiatives such as the Clinical and Translational Science Award (CTSA) consortium, are well positioned to advance the field of economic evaluation through education and training. In this article, we discuss the potential role of CTSA sites in integrating economic evaluation methods into their comparative effectiveness education goals. As a case example, we describe the Columbia University CTSA curriculum in economic evaluation methods.
The Role of CTSAs in Advancing CER
In 2006, the National Institutes of Health in collaboration with the National Center for Research Resources worked together to create the CTSA program, with the broad goal of creating an "academic home for clinical and translational research." 19 These goals will be instrumental in shaping and developing the infrastructure that can support the demands, complexities, and collaborations required to carry out successful CER.
Equipping the next generation of clinical investigators with the skills to develop multidisciplinary and translational research collaborations is not just a core CTSA value-it is also critical for the development of high-quality CER.
Comparing the clinical benefits and risks from multiple medical interventions is a complex process that is fraught with study design and methodology issues and requires collaboration across medical disciplines. A significant challenge comes from the fact that the outcome of interest in CER is effectiveness, not merely efficacy. Effectiveness addresses how an intervention works in patients in realistic settings with less than perfect compliance, multiple comorbidities, and even lack of access to care, whereas efficacy is usually derived from a controlled, experimental environment with carefully selected candidates. The CTSA consortium and individual CTSA sites have the resources to provide the training that researchers will need to overcome such challenges.
Economic Evaluation Training and CTSAs
Since 1998, the Association of American Medical Colleges (AAMC) has advocated that "in caring for individual patients, [physicians] must apply the principles of evidence-based medicine and costeffectiveness in making decisions about the utilization of limited medical resources." 20 However, a recent AAMC survey, as reported in the New York Times, demonstrated that only 60% of U.S. and Canadian medical schools include some content on health care costs in their curricula. 21 There is a multitude of historical, structural, cultural, and philosophical reasons for this finding, but the setting in which medical education takes place is among the most often-cited reasons. 22 Medical schools may lack faculty with expertise in economic evaluation methods to teach students during the preclinical years, and they face time constraints due to students' clinical duties in the third and fourth years. As economic evaluation continues to become ever prominent in the CER literature, however, clinical investigators will need to be prepared to interpret and contribute to such research. As noted above, with the core mission of improving multidisciplinary research, institutional CTSAs may be an ideal avenue for introducing clinical investigators to methods of economic evaluation as part of their training in conducting CER.
A curriculum in economic evaluation should be flexible and provide different levels of familiarity with economic methods based on the trainee's research. Its breadth and depth can be structured to ready investigators for launching a research career in designing and conducting economic evaluation of medical interventions, or to prepare trainees to engage in multidisciplinary collaboration by exposing them to the theoretical foundation and basic elements of these analyses. The former approach requires a commitment of substantial time and resources to ensure that researchers understand the intricacies of specific economic methods and obtain practical expertise and hands-on skills. The latter, more practical approach may involve didactic lectures coupled with project-based exercises that use clinical case studies and decision analysis software.
Although economic evaluation education at CTSA sites will vary according to faculty, financial resources, and trainees' needs, there is some common ground. In keeping with CTSAs' educational goals and focus on multidisciplinary research, the training they provide in economic evaluation should cover core health economic principles and be infused with practical exercises based on actual clinical case studies. To this end, we propose five objectives for economic evaluation training within CTSA educational goals. The training provided should enable researchers to 1. Understand and master a set of basic analytic techniques used in performing cost-effectiveness and cost-benefit analyses;
2. Describe and form strategies to quantify the trade-offs in clinical and public health decisions regarding risks, benefits, and costs;
3. Identify and describe the uses and limitations of these techniques;
4. Critique and apply these methods in clinical decision making under uncertainty; and 5. Identify appropriate data sources and analytic methods to be applied in a given research setting and to interpret results.
On achieving these learning objectives, trained clinical investigators should be informed users of the cost-effectiveness and cost-benefit analysis literature, be able to establish or participate in a collaborative team environment with PhD-level health economists or decision scientists to answer a specific clinical question, be confident in incorporating economic evaluation as part of their research grant proposals if they so choose, and be able to provide constructive feedback as reviewers of research manuscripts or research grant proposals involving costs.
The Columbia CTSA Curriculum in Economic Evaluation
Each CTSA site addresses the consortium's strategic goals in slightly different ways. 
Conclusions and Future Directions
CER's role in U.S. health care and in guiding evidence-based medicine is evolving. Comparative evaluation of incremental effectiveness against incremental costs is inevitable in resource allocation decisions going forward. Therefore, there is a pressing need for both current and future clinical researchers to acquire economic evaluation skills, including costeffectiveness and cost-benefit analysis, to meet the challenges of translating research from the bench to the bedside, and from the bedside to the real world of clinical practices and policy. With an emphasis on translational research and collaboration across disciplines, CTSA sites are well positioned to provide clinical investigators with the skills necessary to play an active role in leading, participating in, and collaborating on CER studies, as well as in shaping the future direction of CER. It is important to note that advancing CER is a national priority that demands the participation of all medical institutions. Although CTSA sites have the infrastructure to serve as the starting ground for training future investigators in CER, true advancement will require curriculum development and training at all institutions that provide clinical research education. Moreover, CER should not be limited to postgraduate education but, rather, introduced and taught in undergraduate nursing, allied health, and medical education curricula. Just as CER's role in evidence-based medical care is developing, so too must education and training in CER be continuously advanced and refined within CTSA sites, and more broadly within medical institutions throughout the United States.
